Abstract. The design of a prototype compression testing machine based on the thermal expansion of a metallic bar is presented. The advantages over conventional machines for compression tests in brittle materials are discussed.
Introduction
The resistance to plastic flow of brittle materials such as ceramics or ionic crystals is generally studied by means of compression and hardness tests. In a compression test, a load or strain is applied at a constant rate to the sample under study. As far as we know, conventional testing machines use either mechanical or hydraulic devices for applying the load (ASTM Standards 1982) .
In this paper we present the design of a compression testing machine, based on the thermal expansion of a metallic bar. which has the following advantages over conventional machines : (1) low cost; (2) easy to construct; (3) easy to operate; (4) fast response under the strain rate changes; ( 5 ) can be used on contaminated samples such as active irradiated ceramics.
Machine operation description
Taking into account that relatively small specimens (10 mm in length) are generally used to study the mechanical properties of brittle materials, and that the plastic deformation of these materials is small before the sample cracks, we have found that the thermal expansion of an iron bar of 1 or 2 m in length in the temperature range 293-373 K is quite sufficient to produce plastic deformation in brittle samples.
In order to gain better insight into the possibilities of this method, we have built a prototype testing machine which consists of two iron bars supported in the manner shown in figure 1 . The load-strain transducers and the sample are placed in the space labelled by C. When bar A is heated to a desired temperature, the sample is compressed. On the other hand, when bar B is heated the sample is unloaded. In this way, controlling the heating of bars A and B, it is possible to control the strain rate on the sample.
The heating of the bars can be performed by two different methods. In the first, an electrical resistance furnace around each bar is used. while in the second an electrical current is applied directly to each one. In both cases. it is easy to obtain strain rate deformations in the range lo-* to m s-', However, when the method of the applied current is used, it is possible to get changes in the strain rate deformation by an order of magnitude. This change in the rate of deformation is limited by the time involved in switching the transformer that is supplying the power to the bar; this switching time was generally 0.1 s. In the case of the electrical furnace around each bar, the change in the strain rate takes about 3 or 4 minutes after switching due to the inertia of the system. The possibility of making changes in the value for the strain rate in tenths of seconds is quite convenient for low cycle fatigue, strain rate cycling and other types of tests such as ageing tests.
Parameters for the design of the compression testing machine
The thermal expansion 1 of a metallic bar is given by the equation
which is a solution of the differential equation
In equation (2), P is the electric power given to the bar by the transformer, C is the bar's heat capacity? a is its thermal expansion coefficient, lo its initial length, K is the thermal conductivity of insulation and f ( 1 ) is a function that describes the sample's mechanical response during the deformation. When the bar is simply heated, equation (1) shows that there is a maximum value in the bar's thermal expansion given by I , , , , , = (alo/K) P (when t+ E) and a time constant t, = C/K which limit the linear region of the bar's thermal expansion. The differential equation (2) can be simplified to P=(C/alo) dl/dt if the term (K/a&) 1 is eliminated. In this case the solution is the straight line I= (alo/C) Pt (only limited by the temperature at which the bar's mechanical properties are altered). This condition is obtained by replacing the thermal insulation around the bar by an electrical furnace to reduce the temperature difference between the bar and the environment in such a way that the electric power supplied to the bar is used in heating and expanding it.
Curve 1 in figure 2 represents the expansion of the bar as a function of time, when an electric current of 200 A was applied to it. Curve 2 represents the same as curve 1, but in this case an electrical furnace was put around the bar. With this procedure we have extended the linear region (segment AB on curve 2) of the thermal expansion of the bar. When the electrical current in the bar is interrupted, its thermal expansion ceases (segment BC Time I min I on curve 2). Changes in the length greater than 0.001 mm are not detected. At point C of curve 2 the electric current is applied again to the bar and it can be observed that the original thermal expansion rate is recovered (segment CD, curve 2). In this way the control of the thermal expansion of the bar is better in the sense that the same changes of the current in the bar produce the same effects as the thermal expansion, independently of the bar's temperature.
Conclusions
We have built a prototype mechanical testing machine and have found that the operation and control of such a machine is very simple. Moreover, a great variety of mechanical tests can be made if the machine is controlled by a microcomputer.
This type of machine may be very useful for compression tests on brittle samples, and with an adequate design it may also be used for other kinds of samples.
With our prototype we have performed some plastic deformation experiments on Eu2--doped alkali halides which will be published elsewhere (Zaldo et a1 1985) . Thermal expansion rate 1.3 x applied to the bar is 130 W for segments AB and CD. The power applied to the furnace is from 50 W (A) to 600 W (W). m sC1 (curve 2). The power
